Abstract: Cardiovascular diseases are the leading causes of mortality in patients with chronic kidney disease. Nitric oxide has a critical role in both endothelial dysfunction and the atherosclerosis process. We aimed to investigate the relationships between serum asymmetric dimethyl arginine (ADMA), LOX-1, and Apelin-13 levels, which are known to act over nitric oxide with endothelial dysfunction and cardiac morphology as well as with each other in hemodialysis patients. The study comprised a total of 120 patients (53 females and 67 males) receiving hemodialysis three times a week for at least 6 months and an age-gender matched control group (55 females and 58 males). Serum ADMA, LOX-1, and Apelin-13 levels were measured using the ELISA technique. Echocardiography, 24-h blood pressure monitoring by the Holter and carotid artery intima-media thickness (CIMT) measurement was performed on all of the included subjects. The associations between serum ADMA, LOX-1, and Apelin-13 levels with CIMT, echocardiographic parameters [left ventricular mass (LVM) and left ventricular mass index (LVMI)], and inflammatory markers [high sensitive Creactive protein (hsCRP) and neutrophil lymphocyte ratio (NLR)] were evaluated by correlation analysis. Serum ADMA, Apelin-13, and LOX-1 levels were significantly higher in the hemodialysis group than the controls (P < 0.001, P < 0.001, and P < 0.001, respectively). CIMT, hsCRP, and NLR levels were also significantly higher in the hemodialysis group (P < 0.05, P < 0.001, P < 0.001, respectively). Significant correlations were observed among the serum ADMA, Apelin-13, and LOX-1 levels. Moreover, notably positive correlations were found between these three biochemical markers and LVM, LVMI, hsCRP, and CIMT. Serum ADMA, Apelin-13, and LOX-1 levels can be indicators not only for the inflammatory process but also for the pathogenesis of cardiovascular diseases in hemodialysis patients.
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Cardiovascular diseases are the leading cause of mortality in patients with chronic kidney disease (CKD) (1) . The risk of cardiovascular diseases increases linearly until the glomerular filtration rate (GFR) decreases below the 15 mL/min mark. Cardiovascular mortality rate is 7-8 times higher in patients with end-stage renal disease (ESRD) than in a normal population (2) . This increased risk is associated not only with the traditional cardiovascular risk factors but also with the CKD-specific hypervolemia, left ventricular hypertrophy (LVH), heart failure, anemia, high calcium-phosphorus metabolism disorder, hyperhomocysteinemia, and endothelial dysfunction (ED), which occurs due to elevated nitric oxide (NO) synthesis inhibitors (3, 4) .
It was observed that asymmetric dimethyl arginine (ADMA), which inhibits the synthesis of NO known as anti-atherogenic molecule, is increased in CKD. Increased ADMA may also be an inaccurate prognostic marker for renal diseases (5) . Moreover, a relationship was reported between elevated ADMA and the risk of cardiovascular events in patients with ESRD (6) . The relationship of ADMA with flow-mediated dilation (FMD), which is the indicator of ED, hyperlipidemia, and insulin resistance was also demonstrated (7) .
The other molecule that functions over NO is the oxidized low-density lipoprotein (ox-LDL), which is considered among the risk factors of atherosclerosis. It was demonstrated that ox-LDL causes monocyte entry into the endothelium, endothelial cell dysfunction, and additionally plays a role in the transformation of macrophages into the foam cells in the atherosclerotic plaque. Ox-LDL leads to ED by inhibiting NO production (8) . Lectin-like oxidized LDL receptor-1(LOX-1), the ox-LDL receptor, is responsible for the entry of ox-LDL into the endothelial cells and for its numerous effects. Interaction between LOX-1 and ox-LDL causes proinflammatory activation and foam cell formation, as well as decreased intracellular NO concentration. This process ends with atherosclerosis and CV events (9). Increased LOX-1 level was also found in hemodialysis (HD) patients and reported after the inhibition of NO synthesis by ADMA (10) . It was determined that deposition of ADMA in CKD patients increases the LOX-1 receptor count and may cause foam cell formation by increasing ox-LDL concentrations (11) . In addition, it has also been suggested that LOX-1 might be playing a role in the pathophysiology of cardiorenal syndrome in CKD (12) .
Another NO-associated molecule, Apelin-13, plays a critical role in cardiovascular, gastrointestinal, immune systems, and fluid hemostasis. Apelin-13 is effective in the development of both endothelium-dependent NO-associated vasodilation and endothelium-independent vasoconstriction (13). Serum Apelin level was found to be significantly decreased in the HD patients with non-diabetic coronary artery disease (CAD) (14) . It has been postulated that Apelin may be the target molecule in slowing down the atherosclerotic process in pediatric HD patients (15) .
The concentrations of these molecules and their effects on cardiac functions have been subjects of interest. The present study aimed to determine the relationships between serum ADMA, LOX-1, and Apelin-13 levels with each other and their effects on ED and cardiac morphology in HD patients.
PATIENTS AND METHODS
A total of 120 patients (53 females; mean age of 57 AE 13.6 years) receiving HD three times a week for at least 6 months, and 113 controls (55 females; mean age of 56 AE 11.3 years) were enrolled in this study.
The study was initiated after obtaining the approval of Erciyes University, Kayseri, Local Ethics Committee (Ethics committee no: 215/292 and date: 5 June 2015) and written informed consents of the participants.
Patients with an average Kt/V value of less than 1.2 in the last 6 months, patients with an active infection, malignancy, coronary heart disease, cerebrovascular disease, decompensated liver or heart disease or having a history of surgery, burns or trauma within the last 1 month were excluded from the study.
Duration of hemodialysis therapy and smoking status were recorded for each patient. All patients had been receiving standard HD therapy with HCO 3 (Na: 138-140 mmol/L, K: 1.5 mmol/L, Ca: 1.25-1.50 mmol/L, HCO 3 : 32-35 mmol/L, and lowmedium flux 1.4-2.1 m 2 dialyzer) for 4 h three times a week. A-V fistula was the route of HD in all patients. Patients with A-V grafts and catheters were not included. All patients were clinically euvolemic during the study enrollment. System examinations revealed no signs of congestion (dyspnea, increased jugular pressure, rales in the basal segments of the lungs), pretibial edema, or abdominal ascites. 
.
Laboratory analysis
Blood samples were obtained from the antecubital vein after fasting for a 12-h session in the morning of a weekday without dialysis. The samples were centrifuged at 4000 × g for 5 min and used to analyze the laboratory parameters [sodium (Na), potassium (K), calcium (Ca), phosphorus, glucose, blood urea nitrogen (BUN), creatinine (Cr), uric acid, total cholesterol, low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), triglycerides (TG), albumin, total protein, alkaline phosphatase, parathyroid hormone (PTH), ferritin, high-sensitivity C-reactive protein ( 
Cardiac assessment
Echocardiography was performed in all participants by Acuson-Siemens (Sequoia-C256) device using 3.5 MHz transducer. The patients were examined in the left lateral decubitus position in accordance with the standards of American Society of Echocardiography. Standard images were obtained for M-mode and cross-sectional examinations. The left ventricle ejection fraction was measured using biplane Simpson's and Teicholz methods. As the eligibility criteria, patients with good quality echocardiographic images were included in the study. ]. Left ventricular mass index (LVMI) was calculated dividing the left ventricle mass by the body surface area.
The carotid artery intima media thickness (CIMT) was measured by the same device [Toshiba SSA -240 Ultrasound (Toshiba, Tokyo, Japan)] in all participants using the 7.5 MHz linear array transducer. The measurement was performed bilaterally through the 1 cm proximal of the bifurcation of the two main carotid arteries while the patient was in a supine position with the head in slight extension. Three measurements were obtained when the intima layer was seen in the anterior and posterior walls, and the arithmetical mean of these three random measurements was used. Presence of atherosclerotic plaque was recorded.
Twenty four-hour ambulatory blood pressure monitoring were performed by the device Mobil-OGraph PWA, I.E.M. GmbH, Stolberg, Germany. The appropriate cuff size was chosen for each patient. Blood pressure measurements were performed every 15 min during the daytime (between 06:00 and 22:00) and every 30 min at night (between 22:00 and 06:00). A daytime mean systolic BP >135 mm Hg and/or diastolic BP >85 mm Hg, and a night time mean systolic BP >120 mm Hg and/or diastolic BP >70 mm Hg were considered hypertension.
Statistical analysis
SPSS for Windows 15.0 package program (Chicago, IL, USA) was used for the statistical analyses. Normality distribution of the variables was analyzed by the Shapiro-Wilk test. The variables distributed normally were presented as mean AE standard deviation, whereas the variables not distributed normally were presented as a median (25th-75th interquartile range). For normally distributed variables, comparisons between the two independent groups were performed using the Student's t-test. For the variables not distributed normally, comparison of the two groups was performed using the Mann-Whitney U-Test. Categorical variables were compared using the χ 2 test. The relationship between the variables was evaluated with Spearman's or Pearson's correlation analysis as appropriate. All of the reported P-values were twotailed, and those less than 0.05 were considered to be statistically significant.
RESULTS
Efficiency of the patients' hemodialysis therapy was evaluated by calculating the mean Kt/V as 1.67 AE 0.33. CKD occurred due to HT in 55, DM in 31, chronic glomerulonephritis in 16, polycystic kidney disease in eight, urological reasons in five, amyloidosis in three patients, and idiopathic in two patients. The patients were asked for the presence of DM, HT, peripheral artery disease (PAD), coronary artery disease (CAD), heart failure, arrhythmia, lung disease (chronic obstructive pulmonary disease, bronchial asthma, asbestosis, occupational lung disease), cerebrovascular disease (transient ischemic attack, stroke, etc.), and endocrine disease. Demographic characteristics, medications and comorbidities of the study groups are shown in Table 1 .
Systolic and diastolic blood pressures of the HD group were significantly higher than those of the controls (P < 0.001 and P < 0.01, respectively). Body mass index was higher in the control group as compared with the HD group (P < 0.001). There was no significant difference between the groups in terms of smoking habit.
Comparison of the biochemical data between the patient and the control groups is demonstrated in Table 2 . The hemoglobin (Hb) and hematocrit (Hct) levels were lower but ferritin and transferrin saturations were higher in the patient group as compared to the control group (P < 0.001, P < 0.001, P < 0.001, P < 0.01, respectively). There was no significant difference between the groups in terms of uric acid, glucose and total protein values. Na, Ca, albumin, and HCO 3 values were significantly lower (P < 0.001, P < 0.001, P < 0,001, P < 0.001, respectively), whereas K, phosphorus, and PTH values were significantly higher (P < 0.001, P < 0.001, P < 0.001, respectively) in the patient group.
Total cholesterol, LDL-C, and HDL-C were lower but triglyceride level was higher in the patient group (P < 0.001, P < 0.001, P < 0.01, P < 0.01, respectively). NLR and hsCRP, which are the inflammatory markers, were higher in the patient group (P < 0.001, P < 0.001, respectively). CIMT was higher in the hemodialysis group (P < 0.05).
ADMA, Apelin-13, and LOX-1 levels were found to be significantly higher in the patient than the control group (P < 0.001, P < 0.001, P < 0.001, respectively) ( Table 2) .
Echocardiographic parameters in the patient and the control group are shown in Table 3 .
A comparison of the echocardiographic parameters between the patient and the control group revealed no difference in terms of LVESD and EF. LVEDD, LAD, IVST, PWT, LVM, and LVMI were significantly higher in the patient group as compared with the control group (P < 0.001, P < 0.001, P < 0.001, P < 0.001, P < 0.001, P < 0.001, respectively).
A correlation of ADMA, Apelin-13 and LOX-1 with echocardiographic parameters is demonstrated in Table 4 . A positive correlation was determined between ADMA and IVST, LVM, LVMI; between Apelin-13 and LVEDD, LAD, IVST, LVM, LVMI; ACEi/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB, beta blockers; BMI, body mass index; CAD, coronary artery disease; CCB, calcium channel blockers; CVD, cerebrovascular disease; DBP, diastolic blood pressure; DM, diabetes mellitus; HT, hypertension; PAD, peripheral artery disease; PD, pulmonary diseases; SBP, systolic blood pressure.
and between LOX-1 and LVEDD, LAD, IVST, LVM, LVMI.
A correlation of serum ADMA, Apelin-13 and LOX-1 levels with each other is demonstrated in Table 5 . A positive correlation was determined.
A significant correlation was determined between ADMA and TG; between Apelin-13 and LDL and TG; and between LOX-1 and TG. Significant correlations were also determined among ADMA, Apelin-13, LOX-1, hsCRP, and NLR. While there was a significant correlation between ADMA and CIMT, no correlation was determined between Apelin-13, LOX-1, and CIMT. Moreover, there was a correlation between the presence of atherosclerotic plaque and Apelin-13, whereas a slightly less significant ADMA, asymmetric dimethyl arginine; BUN, blood urea nitrogen; CIMT, carotid artery intima media thickness; GFR, glomerular filtration rate; HDL-C, high density lipoprotein; hsCRP, high sensitive C-reactive protein; LDL-C, low density lipoprotein; LOX-1, lectin-like oxidized LDL receptor-1; NLR, ratio of absolute neutrophil count to absolute lymphocyte count; PTH, parathyroid hormone; TG, triglycerides. correlation was determined between ADMA, LOX-1 and presence of plaque (Table 5) .
No correlation was determined between ADMA, Apelin-13, LOX-1 and Ca, albumin, glucose, and HCO 3 . There were negative correlations between these three markers and Hb and GFR, whereas significantly positive correlations were determined with phosphorus, ferritin, PTH, HD duration and SBP. In addition, a negative correlation was determined between ADMA and BMI but a positive correlation was determined with DBP. Apelin-13 showed a negative correlation with BMI but a positive correlation with transferrin saturation. A positive correlation was determined between LOX-1, transferrin saturation, and SBP (Table 6 ).
DISCUSSION
The present study revealed higher serum ADMA, Apelin-13, and LOX-1 levels in HD patients as compared to the control group with normal renal functions. Moreover, these markers showed significantly positive strong correlations both with each other and with renal function, HD duration, inflammation, anemia, high phosphorus levels, and left ventricular hypertrophy.
Since cardiovascular diseases are the leading causes of mortality in CKD patients, many studies are being conducted to investigate the molecules that may be the cardiovascular disease biomarkers and their impacts on cardiac events. The relationship of these biomarkers with atherosclerosis, ED and cardiac functions, and morphology are being scrutinized. NO is one of the molecules with the most critical role in endothelial functions. ADMA, Apelin-13, and LOX-1 are also biomarkers that have an impact on NO.
Consistent with the literature, the present study observed serum ADMA level 3.3 times higher in HD patients. Earlier studies have emphasized that elevated serum ADMA is associated with decreased renal excretion due to the decreased GFR, increased binding to proteins, and inadequate removal with dialysis due to the redistribution of ADMA during HD (16) . In the present study as well, serum ADMA concentration was high although it was measured after HD. Again, in another study, significant correlation was determined between serum ADMA, serum creatinine, and GFR levels as was in the present study (17) .
The literature comprises numerous studies investigating the relation of ADMA, which is a NO inhibitor, with ED and atherosclerosis. Experimental studies have demonstrated the relationship between the chronic ADMA increase and development of atherosclerosis and nephropathy (18) . In addition, elevated ADMA concentrations were found to be associated with cardiovascular diseases and all-cause mortality in ESRD (19) and nondiabetic CKD patients (5). CIMT, carotid artery intima media thickness; HDL-c, high density lipoprotein; hsCRP, high sensitivec c-reactive protein; LDL-c, low density lipoprotein; NLR, absolute neutrophil count to absolute lymphocyte count; Plaque, carotid artery atherosclerotic plaque; TG, triglyceride. Increased CIMT has been demonstrated to be a marker of prognostic value for cardiovascular diseases (20) . In a population-based study, the relationship between CIMT and ADMA was demonstrated at the end of a 6-year follow-up (20) . A study carried out in type 2 DM patients demonstrated a relationship between high serum ADMA levels, development of cardiovascular events, and increased CIMT after a 5-year follow-up period (21) . In the present study as well, CIMT was found to be high in hemodialysis patient group, and consistent with the literature. In addition, a positive correlation was determined between CIMT and ADMA.
The present study determined no relationship between serum ADMA levels and age, gender, and LDL levels but found a significant relationship with smoking and blood pressure, which are among the traditional cardiovascular risk factors. In hemodialysis patients, many chronic renal failure-specific conditions, as well as traditional cardiovascular risk factors, are considered as risk factors for atherosclerosis. Hyperparathyroidism and hyperphosphatemia, which are also defined as atherosclerotic risk factors in CKD patients, contribute to ED and atherosclerotic disease (22) . In the present study, a positive correlation was demonstrated among hyperparathyroidism, hyperphosphatemia and serum ADMA level.
Inflammation, which is a significant cause of morbidity and mortality in CKD, leads to vascular injury via various pathophysiological pathways, and contributes to the development of atherosclerosis. The relationship between CRP and cardiovascular events, and increased risk of mortality has been demonstrated in ESRD patients (23) . In the present study, the correlation analysis between hsCRP, NLR (24) , and serum ADMA level revealed significantly positive correlation with hsCRP and NLR in HD patients.
Nitric oxide is a critical molecule in preventing cardiac remodeling. In addition, it was demonstrated that ADMA causes cardiac hypertrophy via NO inhibition and results in myocardial fibrosis by activating fibroblast growth factor receptors in the cardiomyocytes (25) . Napora et al. conducted a study in HD patients and determined that high serum ADMA levels are correlated with LVM and LVMI but not with systolic or diastolic functions (26). Various studies determined a relationship between serum ADMA levels and LVH, LVM, and systolic dysfunction in the patients with CKD (27, 28) . In the present study as well, significant correlations were determined between ADMA and LVM, LVMI, but not systolic functions.
Apelin and ADMA are two molecules that inversely effect the NO production over NO synthase activity. However, contradictory outcomes have been obtained concerning Apelin-13 levels in those with CKD. In a study conducted in 159 HD patients, both ADMA and Apelin-13 levels were found significantly higher as compared with the healthy controls. Serum concentrations of both molecules decreased after HD therapy (29) . In another study, serum Apelin-36 level of the HD patients was similar to healthy controls, but serum Apelin-12 level was higher in HD patients than in controls (30) . Again, serum Apelin levels were determined to be lower in non-diabetic HD patients as compared with the healthy population (31) . Moreover, no relationship was determined between serum Apelin-13 levels and GFR loss in Stage 3-5 CKD patients (32) . In the present study, however, serum Apelin-13 levels were higher in the HD patients, and a negative correlation was determined with GFR.
In the present study, consistent with the literature, serum Apelin-13 level showed a positive correlation with smoking, hyperphosphatemia, hyperparathyroidism, hsCRP, and NLR (30) . Additionally, a relationship was determined with the presence of plaque in the carotid artery. In a study, it was postulated that Apelin reduces vascular calcification in CKD patients, and accordingly could be the target molecule in the treatment of vascular calcification (33) . Although the data of the present study suggest that Apelin-13 increases as a response to atherosclerotic factors such as inflammation, hyperparathyroidism and hypophosphatemia, a negative correlation with LDL-C and BMI is conflicting. The negative correlation between LDL-C, BMI, and ADMA may indicate that the effects of an unhealthy diet and malnutrition should be considered in HD patients. We think that investigating this topic in large population studies would be beneficial.
Outcomes of the studies investigating the relationship of Apelin with hypertension, LVH, and cardiac functions were also conflicting. In an experimental study of rats, Apelin-13 given after HT and ED created by ADMA decreased the blood pressure in the control group, but not in the CKD group (34) . This suggests the probability of variations in the Apelin effect in renal dysfunction. In a study performed in 344 treatment-naive hypertensive patients, plasma Apelin levels were lower in the group with LVH versus without LVH (35) . In contrast, the present study determined a positive correlation between Apelin-13 and LVEDD, LAD, IVST, LVM, and LVMI, which reflects the changes in cardiac morphology. This supports the hypothesis that high serum Apelin-13 level might be associated with LVH in HD patients.
CKD is associated with oxidative stress, inflammation, and lipid metabolism dysregulation. Lipid deposition in the arterial wall with oxidative stress and inflammation in the presence of dyslipidemia is critical for the development of ED and atherosclerosis (36) . The inflammatory process in CKD is triggered by the stimulation of LOX-1 by carbamylated-LDL (cLDL), which occurs due to urea-originated cyanate modification; this is thought to result in the increased cardiovascular events associated with ED and atherosclerosis (36) . LOX-1 level, which is high in pro-atherogenic situations, was found to be high in HD patients in the present study, and this increment was in line with decreased GFR. In addition, significant correlations were determined with both CIMT and the presence of plaque and levels of hsCRP and NLR. Significantly positive relationships were determined with some of the traditional cardiovascular risk factors such as age, gender, BMI, and smoking.
It is known that LOX-1 is overexpressed in CKD due to the inhibition of NO production by ADMA and which triggers foam cell formation (11) . In the present study, positive correlation was determined between ADMA and LOX-1 levels. LDL-C gains more electronegative character in early-stage CKD. This impairs cardiac relaxation by impairing calcium hemostasis via LOX-1 and accordingly, could be important in the pathogenesis of cardiorenal syndrome (12) . The present study determined significantly positive correlations between LOX-1 and LVEDD, LAD, IVST, LVM, and LVMI. An evaluation of these outcomes suggests that LOX-1 has an impact on the left ventricle morphology in HD patients as a result of complex interaction between CV risk factors and uremic toxins in CKD.
Although these parameters usually are not studied for routine laboratory analyses in public hospitals, recent studies revealed that they are essential parameters for patient care. This study was conducted by purchasing testing kits for ADMA, Apelin-13, and LOX-1. However, we think that these parameters may be part of routine laboratory analyses in the future.
This cross-sectional study has several limitations. In the present study, cardiac functions, cardiac geometry, carotid artery thickness, and the changes in plaque structure over time were evaluated. However, since the biomarkers were measured once, the changes over time are unknown. Secondly, the limited number of patients and the lack of evaluations regarding racial differences are other limitations of this single-center study. Thirdly, due to the crosssectional design of this study, only a numerical relationship could be determined between the data, and considerable attention should be paid for causality assessments.
CONCLUSIONS
Serum ADMA, Apelin-13, and LOX-1 levels were higher in hemodialysis patients as compared to the population with normal renal functions. The results suggest that these three biomarkers, as uremic toxins, might be indicative of a complex pathway in the inflammatory process and pathogenesis of cardiovascular diseases in HD patients.
